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(g) Beam scanning apparatus. 

^ To enable scanning by a light beam with a 
single unit of rotating optics, a light beam 
issuing from semiconductor laser (1) is laun- 
ched into rotating lens mirror (3) through entr- 
ance face (Si), thence directed to reflecting face 
(So) whereby it is deflected to leave the lens 
mirror (3) through exit face (S3) and fonn a spot 
that scans over the imaging plane. 
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or thH^r'^"' *° ^ "'^"^ "'^""'"3 apparatus especially for use with laser beam printers 

wavth«t!!?inh?l"''"^ apparatus especially for use with laser beam printers or the like is adapted In such a 
way that a light l^am issuing from a light source such as a semiconductor laser is normally colMmated with a 

le sTolol'T; nl h!!'"'"' ''^'""'"^ "'"^ ^ polygonal mirror and passed h^ru^anl^in^ 

lens to form a focused beam spot on an imaging plane. a • nndgmg 

..nnf™?'^^ T '° '"^ expensive imaging lens and polygonal mirror, the conventional beam scanninc 

tte s^e of't"h?n^, '"""^'^^ °' "™9ing lens is a large as abouri 00 mm a^dTS 

ItuZf^ " 2° ^^^•"^ ^^'I'^s °f the inscribed circle Thus the con- 

ventional beam scanning apparatus is unavoidably bulky In size 

nove!i^«m "l" ^"^""^'^h^d under these circumstances and has an object to provide a 

is sI^hTw r ^^^"^""^ ^^"^'^^ requirement for smaller size and lower Lt TKject 

and Tt«i./nr independent claim 1. Further advantageous featr^ aspecte 

and details of the invention are evident from the dependent claims, the description and the diawi'nas The 

The present invention attains the above-described and other objects according to a specif irasDect bTa 
beam scanning apparatus in which a reflecting face, as well as an eniance face and an exit face atTeast one 
Of Which IS so specif ied for Shape as to be capable Of correcting aberrate 
that ^ dnven by a rotational drive means to rotate and deflects a beam from a Lm generator 

the single optical element is mtated as a beam incident on the entrance face is deflected by the ref lectinoTace 
to leave the rotating element through the exit face while, at the same time, the necessary ab«^ cor^ 

™~;;"rwi^^^^^ 
t?pici;rn:ronre^^^^^^^^^ 

Fig. 2 is a perspective view of the same apparatus; 

Fig. 3 shows how a light beam is deflected as a functfon of the rotation of a lens mirror 
Fig. 4 IS a diagram of the lens mirror as it is developed with respect to the reflecting face- 
Fig. 5(a) shows the size of an imaging lens used in the prior art beam scanning apparatus- 

fIos Sif 6°rl J r ^" ''^^ ^^""'"9 ^PP^'^*"^ °f the present invention; 

F f 7 dfn' S . ^ ^ cross-sectional views showing three different shapes for a rotating lens mirror^ 
Fig. 7 depicts the arrangement of multiple lens mirrors; 
Fig. 8 shows the optics in the beam scanning apparatus of Example 1 

Figs 9(a) and 9(b) are graphs plotting the aberrations that occur in the optics shown in Fig 8- 
Fig. 10 shows the optics in the beam scanning apparatus of Example 2 ' 
F|gs 11(a) and 11(b) are graphs plotting the aberratfons that occur in the optfcs shown in Fig 10- 
Fig. 12 shows the optics in the beam scanning apparatus of Example 3- 

Figs 13(a) and 13(b) are graphs plotting the aberrations that occur in the optics shown in Fig 12- 
Fig. 14 shows the optics in the beam scanning apparatus of Example 4- ^' 

Ftll^lt^"V^''^\^'^-^'Tl '"^"'"^ aberrations that occur In the optics shown in Fig. 14; 
Fig. 16 shows the optics in the beam scanning apparatus of Example 5- 

F^%lT^TfilI^''\^^-^Tl aberrations that occur in the optics shown in Fig. 16; 

Fig. 18 shows the optics in the beam scanning apparatus of Example 6- 

f!o%J s^i^ft '""^ aberrations that occur in the optics shown in Fig. 18; 

Fig. 20 shows the optics in the beam scanning apparatus of Example 7- 

fSs' 22fa! an2 ISS "f"'"^ aberrations that occur in the optics shown in Fig. 20; 

appar?u?orExa'Sr ^""""^"^ '''' "'^'^^ ^^''^ °^ -""'"0 

fL^2^TJ^%1^?^ °' "P""^ ^ " taken in the sub-scanning direction; 

Figs. 24(a and 24(b) are graphs plotting the aberrations that occur in the optics shown in Fig 23- 

a'^araSs^rES^ '''''' ^'"'"^ ^'^^"^"""^ °^ 'he'^r^m banning 

Fig. 28 shows the optics in the beam scanning apparatus of Example 11- 

spedX ^'^ ^^^"^ ^ ""^ "^"^^ ^^"^^^ ' 
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Figs 28(a) and 28(b) are graphs plotting the aberrations that occur in the optics shown in Fig. 26; 

Fia 29 shows the optics in the beam scanning apparatus of Example 12; 

Fta 30 fs a i^pecSve view showing the layout of the lens mirror in the same op.c^ 

Fta 31 is a perspective view showing an alternative layout of the lens m.rror .n '^e same ophcs 

Figs 32 a) aT?2(b) are graphs plotting the aberrations that occur in the opt.cs shown .n F.g. 29. 

Fia 33 shows the optics in the beam scanning apparatus of Example 13, 

Figs 34(a?rn<i i(b) are graphs plotting the aberrations that occur in the opfcs shown .n F.g. 33. 

Fta 35 shows the optics in the beam scanning apparatus of Example 14; 

cio ic 9 npreoective view of the same beam scanning apparatus; 

"^^i:^^:^:::^^ of the same op«cs as it is taKen in the sub-scanning direction; 
Fig 39 is a graph plotting the aberration that occurs in the optics shown in F.g. 38. 
Fig 40 shows the optics in the beam scanning apparatus of Example 16; 
Pin 41 i<! a oersoective view of the same beam scanning apparatus; 

Figs I2 a and ;2(b; are graphs plotting the aberrations that occur In the optics shown .n Fig. 40. 
Fig 43 shows the optics in the beam scanning apparatus of Example 17. 
Fia 44 is a perspective view of the same beam scanning apparatus; and 

S2r»;=;rr--.'— ^^^^ 

scan center will be incident on that face at an angle of 45°^ reflecting 
dicated by I. II and 111. As the lens mirror 3 ^^^^ 

subjected to efther a diverging or a «:°"7;9'"9J'^*'°". ^ ^ ^„^, 3 jg rendered concave whereas 

In the example under consideration, the 3 ' ^oves to be very effective 

the exit face S3 is rendered convex and because of ^.s design '^Jf^^^^^^^^^^ the lens 

in correcting aberrations. As a result, there is no ^^'XlT^roJe^TaTa^^ and low-index 
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scanning direction and developed with respect to the reflectina fac^ q nf f ho i^r. • 

« ferring to Fig. 5 With tte convenrnll hp/J, t ^"^ apparatus. This may be better understood by re- 

aposLpowerZbeVepry^^^^^^^^^^^^^^ '".f'S; - -aging , ens 4 having 

and this has unavoidably increased the Jo^rhi^ o^^ . ^ ^"^^ ^'^"'^ ^ "^^"^^^ ^'stortion 

flection on the reflecting face of the I aht hTri Ll* ^ «>'"°'des with the point of re- 

in the optics becornersutetenlirv slJ^Tw^ " ^"^T!"^ f ''^ "^'"Po-ition of faces 

for aberLons and othi opS 1^^^^^^^^ 1° scan center, thereby providing symmetry 

Hcal lens wi,, suffice for corUr—^^ 

per ::^:7::^::;:^^T^ zzi: " t: 

and two lens mirrors may be used In thf™- » "° *° '^is requirement 

to a further increas" ^the s'fspLd IfThe^^^^^^ ^ ^T'"' ''^ "'""""""S 
mirror 3. the position of the s^nninalfne wJ. h! L » f ^ ^"^''"'^ "^"^ "'^ ^^^•"^•^y °' ^''^^ '^ns 
under consideration the center of rSi^^^^ ""^^^ ^'=^""'"9- »he example 

lem can be solved by insur'gTha XTn^a 'T^^^^^^^ ^''--<^««-''>ed prob- 

face of the other lens mirror ^ '"''™' '^"^^^ 

Figs. 6(a), (b) and (c) show three rotating lens mirrors 31 32 anri vk tha» . -i • 

^Bted a, high spLJi S Sr^^^rZl. r"^"* 31 . 32 and 33 a„ 

^.h., „ad. a„^h £ pei« .h.%rrrr/.^rZh"i^:r:vr3r s 
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on-axis distance from the ith surface to the next surface ii ine 
ryi, respectively: ^2^^. 

mM. tor., lens ard the spterk^l ™r,or a» also «ted J'S'' J^^' ™^™„„g see of Ite 

=L~dl?ni!:4ta™»rd.^V^a^n:»ap»^..y.U««^ 

fleeting face of the lens mirror is planar. r„,vature of the field which is plotted by 

entire width of scanning. The design wavelength is 780 nm for all examples. 
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Fl8..ah,»».cn«» ot.he beam scanning apparatus Of E<amp,.,as«la«^^^ 

of a representative design for Example 1 are shown below: 



Or.. = 4<» 




Surface 


Radius of curvature 


Distance between faces 


Refractive index 


Si 


ri= -8.010 


di= 20.000 


ni=1.48261 


S2 


r2=oo 


d2= 20.000 


02=1.48261 


1 S3 


r3=-18.191 


d3=280.000 





The first face is aspheric having the following aspheric coefficients: 
Ki=-0.52095 
Ai=-3.34624x10-5 
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and less). 
Example 2 

2cD = 40.6° 



Surface 


Radius of curvature 


Distance between faces 


Refractive Index 


Si 


ri= -26.450 


di= 10.000 


ni=1.51118 


S2 


r2= 00 


d2= 10.000 


n2=1.51118 


S3 


r3= -44.508 


d3= 16.746 




Sc 


re=-673.340 


dc= 8.567 


nc=1.51118 


Sd 


rd= -52.646 


dd=1 85.752 





5: that contains graphs plotting the aberrations that occur in the design of Example 2. 

even more satisfactory cor- 



Uars^,.^^ i,u ' X. , . - I — r'--' » •^•■c auciiduuiis inai occur 

re^in n !f K T'""^ ""^^'^^ lens 4. the system of Example 2 achieved 
rection of aberrations than the system of Example 1 . 



Example 3 

Fig. 1 2shows a cross section of the beam scanning apparatus of Examcle 3 as it i<s tek«n ■„ n, 
2© = 36.0*^ 



Surface 


Radius of curvature 


Distance between faces 


Refractive Index 


Si 


ri= 41.308 


di= 10.000 


ni=1.48261 


S2 


r2= oo 


d2= 10.000 


02=1.48261 


Sa 


r3= 26.856 


d3= 21.299 




Sc 


rc=- 11 60.326 


dc= 13.221 


nc=1 .51118 


Sd 


rd= -52.375 


dd=1 75.481 





Fig. 13 is a drawing that contains graphs plotting the aberrations that occur in the design of Example 3. 
Example 4 
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below: 
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15 



Surface 


Radius of curvature 


UlSiance uciwccii lawco 


Refractive index 


Si 


ri= -150.000 


di= 10.000 


ni=1.51118 


S2 


r2= 00 


62= 10.000 


n2=1.51118 


S3 


r3= 150.000 


d3= 18.903 




Sc 


rc=-1 208.81 6 


dc= 13.025 


no=1 .51118 


Sd 


r^= -43.825 


drf=1 77.436 
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The face d is aspheric having the following aspheric coefficients: 
Kd=-0.35701 
Ad=0 

FigTl5(a) and 15(b) are graphs plotting the aberrations that occur in the design of Example 4. 
Example 5 

Fig. 16 sr«.«. a coss s«io™ of the beam scnnlns appa«» ofExampla 5 "^"l^ 

Ze^s It sho^d aL be mentioned that if one optical component has two curved optical surfaces, t he pre- 
c^ZTrda«ve positions of their optical axes becomes a problem, demanding exact agreement between the 
Topt^ a'sTh Hro^ is eLnated if the lens mirror 3 has a planar surface or^^^^^^^J^^^-^ 
fars,?theexitfaceS3or both. Theoptical specif icationsofarepresentat,vedes,gnforExample5are^^^^ 

below: 
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£A3J — f 1 

Surface 


Radius of curvature 


Distance between faces 


Refractive index 


Si 


ri= -79.816 


di= 10.000 


ni=1.51118 


S2 


r2=oo 


d2= 10.000 


02=1.51118 


S3 


r3=oo 


d3= 18.849 




Sc 


ro=-1360.434 


dc= 12.430 


nc=1.51118 


Sd 


rd= -46.291 


dd=1 78.680 





The face d is aspheric having the following aspheric coefficients: 
Kd=-0.36146 
Ad=0 

Fig^s.'l^Ca) and 17(b) are graphs plotting the aberrations that occur in the design of Example 5. 
Example 6 

Fig. 1 8 shows a cross section of the beam scanning apparatus of Example 6 as J taken in^^^^^ m scan- 
nina direction Example 6 differs from Example 1 in that the entrance face S, of the mirror 3 is planar 
ler^as^^^ exU faS^S3 is concave and that an imaging lens 4 is inserted. A light beam 
Sia^ lens 2 fe Lun* into the lens mirror. The optical specifications of a representative design for Example 

6 are shown below: 
2cD = 40.0° 
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Surface 


Radius of curvature 


Distance between faces 


Refractivp Inrfiay 


Si 


ri= 00 


di= 10.000 


n-,=1.48261 


S2 


r2= 00 


d2= 10.000 


02=1.48261 


S3 


r3= -82.947 


d3= 22.113 




So 


rc=-1995.159 


dc= 8.347 


nc=1.51118 


Sd 


rd= -47.202 


dd=1 79.540 





The face d is aspheric having the following aspheric coefficients- 
Kfl|=-0.38052 
Ai=0 

Bd=0 

Figs. 19(a) and 19(b) are graphs plotting the aberrations that occur In the design of Example 6. 
Example 7 

^^L""? ^ 20^^^^^ ^ representative design for Example 7 are shown below: 



Surface 



Radius of 
curvature 



Distance 
between faces 



Refractive 
index 



40 


Si 


-28.449 


di= 10.000 


ni=l. 48251 




S2 


r2=-50276 . 703 


10.000 


n2=l. 48261 




S3 


-48.900 


d3= 12.555 




45 


Sc 


rc== -509.308 


dc« 16.092 


Hc^l .51118 




Sc 


rd= -51.262 


<i<i=181.353 





aareemenl wllh ,h., In ,h. s„b.sean„l„g dlScZ " """^ 



55 Example 8 
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^LSls is particular; desired since it is effective -d-ing the ro^t.^^^^^^^ 

The optical specifications of a representative design for Example 8 are shov«i belov*/. 
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2<D = 42.0" 



to 


Surface 


Radius of 
curvature 


Distance 
between faces 


Refractive 
index 




s, 


ri= -24.483 


di= 10.000 


ni=l-52361 


15 


Sz 




d2= 10-000 


n2=l. 52361 




S3 


r3= -41.461 


d3= 16.548 




20 


Se 


re=-398.651 


dc= 10.818 


nc=l. 52361 




Sd 


rd= -50.332 


da=183.449 





The entrance face of the rotating lens mirror has the following aspheric coefficients: 
Ki=-0.92373 
Ai=0 

Figs. 25(a) and 22(b) are graphs plotting the aberrations that occur in the design of Example 8. 



Example 9 

35 action and developed with respect '^'l^J^''^;^!^'^ .^^^ 3 ^^e both tone, with an imaging 

4S veloDS in the semiconductor laser 1. u^i^t... 

The optical specifications of a representative design for Example 9 are shown below. 
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Surface 


Radius of curvature 


Distance between faces 


Refractive Index 


Si 


rxi= -80.743 


in nnn 


n,=1.52361 




ryi= -26.030 








r2= 00 


d2= 10.000 


□2=1.52361 


S3 


rx3= 352.324 


d3= 10.000 






ry3= -61.839 






Sc 


rc=-256.533 


dc= 8.044 


nc=1 .52361 


Sc 


rd= -38.048 | 


dd=1 92.658 





Figs. 24(a) and 24(b) are graphs plotting the aberrations that 
Example 10 



occur in the design of Example 9. 



D 



* = (N 



Of the lens mirror 3. If the power* does notchange despite a variation in the refractive index N ^ = 0 There- 
fore, the condition for the freedom from the effect of variations in the refractive index is- ""^ 

D N2 ~ 

^^^'^jr"'''''^''"'' °^ ^ '^P^^^nisave design for Example 10 are shown below: 
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Surface 
Sx 



Radius of 
curvature 

ri= -21.780 



Distance 
between faces 

dj= 10.000 
cl2= 10.000 



Refractive 
index 

ni=l. 51118 

n2=l. 51118 



10 
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r,= -33 


.022 


dj= 16 


. 910 




Sc 


re=4242 


.637 


d,= 7 


.719 


ne=l. 51118 




ra= -67 


.663 


d4=186 


.633 





With this design, the left side of the equation setting forth the condition for freedom ^^-^ °* 
,0 variations in the refractive index assumes the value 1 .0000. Figs. 25(a) and 25(b) are graphs plotting the aber- 
rations that occur in the design of Example 10. 
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Example 11 

Fig. 26 shows a cross section of the beam scanning apparatus of Example 11 as It is taken in the r^^^ 
scannfng direction. In this example, the rotating center O of the lens mirror 3 .s located .nward of ^^e r^^^^^^^^ 
fa?e s"and an imaging lens 4 is also inserted. Alight beam collimated by collimator lens 2 .s launched mto 

Figr277a) and 27(b) are diagrams comparing Examples 1 and 11 as regards the paths of a light bearn 
that deflected for scanning and travelling thraugh the lens mirror 3. As is clear from the drawing, the lens 
Trr^ 3 in ExamSe 1 ratetes about the center O in the reflecting face and. hence, the light beam travels 

Th^™ hn"™inrvidi^^^ 

through which the lens mirrorS is rotated in association withthe scan area. On the other hand. rf. a^'" Example 
11 the iTteting center O is set to lie within the lens mirror 3. particularly on the optical axis J« "^f 
between the entrance face S. and the reflecting face S. the effective aparture at the - ^^Jse v^y 
reasonably be reduced and. at the same time, the effective aperture at the exit face S3 will not increase very 
r^ucrif the effective aperture is small, the rotating angle of the lens mirror 3 can be increased, thereby reat- 
^g a Zpact beam scanning apparatus that requires a shorter optical path. Another advantage of the small 
effective aperture is that it provides ease in assuring high precision for lens surfaces. 
The optical specifications of a representative design for Example 11 are shown below: 
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Surface 


Radius of curvature 


Distance between faces 


Refractive index 


Si 


ri= -21.267 


di= 10.000 


ni=1.51118 


S2 


r2= 00 


d2= 10.000 


n2=1.51118 


S3 


r3= -32.786 


d3= 19.091 




Sc 


rc=-231 9.833 


dc= 9.291 


nc=1.51118 


Sd 


rd= -62.550 


dd=1 82.778 





45 



in this design, the rotating center O of the lens mirror 3 is located at a point 5 mm away ^^^^J^^ ^^^^^^^ 
face S, towards the scanning plane along the optical axis. Figs. 28(a) and 28(b) are graphs plottmg the aber- 
rations that occur in the design of Example 11. 
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Example 12 

Fig 29 shows a cross section of the beam scanning apparatus of Example 12 as it is taken in the main 
scan fng direction. In thfe example, the lens mirror 3 has the rotating center O '°-ted . ^ 
imaqing lens 4 is inserted. A light beam collimated by the collimator lens 2 is launched into the ens mirro 3^ 
Tthe rotating center O of ?he lens mirror 3 is located either on the reflecting face S, or in its '"tenor, the 
lens mirrerTZt be installed further above the rotating shaft of the motor in order to avoid contac^ with . 
and thisTdds To the height of that portion. On the other hand. if. as in Example 12. the rotating center O of 
The lens mtror 3 sToo^ted exterior to it in such a position that the scanning light beam will not pass, the mirK,r 
3 wiU "otTntLr erL the rotating shaft 6 of the motor as shown in Fig. 30 and the height of that portion can 

a^rS^Tbe lowered. In the scanning optics, the deflector sets the height of all of its P-^°-; - 
ThTheigM of that portion is advantageous forthe purpose of realizingacompact system. Furthermore. It also 
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th^nTf H , ^'.'^"^^ '^'^^ °'' """'^ 3 around the rotating shaft 6 as shown in Fig 31 and 

th^ provides a favorable condition for Increasing the scan speed. The structural feature under disVuss on is 

«l.^/n T^f ^ '^"^ ""■'•^^^ 3 with the angle between the optrcal axTc^^ 

SXenTetino 7 riTt'""^''"^ 

with reference to F.g. 7. The optical specrf,cat.ons of a representative design for Example 12 are shown below: 



55 



Surface 


Radius of curvature 


Distance between faces 


Refractive index 


Si 


ri= -32.377 


cli= 10.000 


ni=1.51118 


S2 


r2= 00 


d2= 10.000 


n2=1.51118 


S3 


r3= -62.638 


d3= 14.373 




Sc 


rc=-410.915 


dc= 8.287 


nc=1 .51118 


Sd 1 


rd= -46.642 


dd=1 88.374 





th. 1" !^'^ design the rotating center O of the lens mirror 3 Is on the side opposite the entrance face S or 

i^hf ;esign"of^E^r;^^^^ ''''' '^^'^ '^^^'^ ^''-ations that 

Example 13 

^*'L°='S'^''^*"'"^*'°"^ ^ representative design for Example 13 are shown below: 





Surface 


Radius of curvature 


Distance between faces 


Refractive index 


40 


So 




do= 5.955 






Sa 


ra= 00 


da= 2.000 


na=1.51118 




Sb 


rb= -4.089 


db= 30.000 




45 


Si 


ri= -19.667 


di= 10.000 


ni=1. 48261 




S2 


r2= 00 


d2= 10.000 


n2=1. 48261 




S3 


r3= -24.157 


d3= 15.552 




50 


Sc 


rc=-233.611 


dc= 12.834 


nc=1.51118 




Sd 


rd= -42.622 


dd=141.614 





Figs. 34(a) and 34(b) are graphs plotting the aberrations that 
Example 14 



occur in the design of Example 13. 



Fig. 35 shows a cross section of the beam scanning apparatus of Example 14 as it is taken in th^ main 
T^cotm^^^^^^^^^^^ 

> 13. collimator lens 2 is used for transforming the divergent light from the semiconductor laser 1 inSa par! 
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allel or near-parallel light beam. In contrast, the beam scanning apparatus of Example 1^ <»o«s "^e the 
alSimator lens 2 but is allows the light beam from the semiconductor laser 1 to be d.rectly launched into the 
lens mirror 3, with an imaging lens 4 being inserted. ^ , 

AS will be clear from Fig. 36, Example 14 has the advantage that the number of optical components to be 
used is sufficiently reduced to lowerthe parts cost and that, in addition, a compact apparatus can be assembled 
and adjusted easily. The optical specifications of a representative design for Example 14 are shown below. 



25 



10 


Surface 


Radius of curvature 


Distance between faces 


Refractive index 


So 




do= 6.000 






Si 


ri= 16.493 


di= 10.000 


ni=1. 48261 


15 






d2= 10.000 


n2=1. 48261 




S3 


r3= -10.099 


d3= 27.745 






Sc 


rc=1 5779.220 


dc= 8.606 


nc=1 .51118 


20 


Sd 


lrd= -76.692 


dd=156.617 





The first surface is aspheric and lias the following aspheric coefficients: 
Ki=-1. 10820 
Ai=-1 .61596x10-4 
B = 0 

Figs. 37(a) and 37(b) are graphs plotting the aberrations that occur in the design of Example 14. 



30 



35 



40 



Example 15 

Fig 38 is a drawing that shows the beam scanning apparatus of Example 15; Fig. 38(a) shows a cross 
section as taken in the main scanning direction and Fig. 38(b) is a cross section as taken in the sub-scannmg 
direction and developed with respect to the reflecting face S2. 

in this example, scanning quality at uniform speed is not considered and the apparatus ,s designed to cor- 
rect only curvature of the field and astigmatism. The entrance face S, and exit face S3 of the lens mirror 3 are 
both toric and the apparatus is so adapted that a light beam collimated by the collimator lens 2 .s launched 

into the lens mirror 2. ^ ^ ■ ^t^^A .r,a« 

As in this example, one need not consider the scanning quality at unrform speed and, instead, he may 
correct only curvature of the field and astigmatism, in this way. the two kinds of aberration can be corrected 
in a very efficient manner. For achieving high scanning quality at uniform speed, one may adopt any suitable 
method such as variable control over the clocking of a modulation signal to be supplied to the light source. 
The optical specifications of a representative design for Example 15 are shown below: 
2oa = 22.9" 





Surface 


Radius of curvature 


Distance between faces 


Refractive index 


45 


Si 


rxi=19.732 


di= 10.000 


ni=1.51118 




S2 


ryi=29.943 
r2= 00 


d2= 10.000 


n2=1.51118 


50 


S3 


rx3=14.733 
ry3=29.567 


d3=211.207 





55 



Fig 39 is a graph plotting the field curvature that occurs in the design of Example 15. Since the scanning 
quality at uniform speed is not considered In this example, no graph is given that depicts the scanning l.neanty. 
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Example 16 



Fig. 40 shows a cross section of the beam scanning apparatus of Example 16 as it is taken in the sub- 
Sfr^ Tk ^ ^ perspective view of the same scanning apparatus. In this example, the angle 

he^i ' °' ^"^ '^"^ S3 Of the lens mirror 3 is zero through 

the cr^ss section taken m the main scanning direction (i.e.. the angle p shown in Fig. 6 is zero) where as it 
takes on some pos.fve value through the cross section taken in thesut^scanning direcL. Alight beam JsCing 

direction as it is directed fi-om the scan center of the scanning plane towards the rotating center of the "ens 

th. tl ^""^""o ® ^"^'^ "'^ °P'"^^' °f tf'e entrance face S, and exit face S, of 

the lens mirror 3 may be adjusted to assume a certain positive value through the cross section taken in tte 
sub-scanning direction while the angle is reduced to ze^ in the cross section taken in the ml st nning d^ 

As already mentioned in connectbn with Example 7. rendering the reflecting face S, of the lens mirror 3 

T^ZT'^:,:Tr^7^^^ ""^'"'"^ ' '"'^ '''''' ^"^^^''""^ '-^9" making uposi'le 
K J u t'lst -"ay occur in the semiconductor laser 1 serving as the light source On the 

sl^n i'nl? Tr Characteristics of the apparatus will become as^tric wi h ^es jct to he 

oSiLTonl2« "^"^ZT'"^^""' "^P'^'^y "^"^^^^ cf axiany symmetric 

tweZ th. ont I by the spherical lens. However, If. as in Example 1 6. the angle formed be- 

^^s slnt '"'^ '^'^^ S^ °^ '"'^^^ 3 is adjusted to zero in the 

^oss section taken m the main scanning direction so that the incident light beam will be launched into h^ 

he sc ' ^^^'^ ''^ ^'=^""'"9 « '"■•^cted from the scan cLnte o^ 

WIN b^rZ f ?r •^'^""^ center of the lens mirror 3. the optical charBcteristlcs of the appa a us 
^LrbleTT r '""^ center even if the reflecting face S, is spherical; hence, it iS^mes 

possible to correct various aberrations by using only axially symmetric optics 

If. as m Example 1 . the plane formed by the optical axes of the entrance face Si and exit face of the 
lens mirror 3 coincides with the plane of deflectfon which is formed by the deflected light beam the aperture 
diarneter Of the entrance face S, is limited by its position relative to the exit face S3: furthermo e as alrladC 
explained with reference to Fig. 27(a). the angle through which the lens mirror 3 is ?otated in assocLtion wth 
the scan region is limited by the aperture diameter of the entrance face S,. However. In Example leThe en 
trance face S, and the exit face S3 extend in different planes, one being directed upwkrd anThe o h; down 
AnothlT";" •^'9; fj= - no "mitation by the aperture diameter of the entrance fac^ S, 

collimari/n!f 'hI r °' ^^•"'"^ ^P"'^^ comprising the semiconductor laser l . 

the iTnfLr I ^"u T ^ ^" *° '""^ "g^-t beam deflected b; 

the lens m. ror 3 will pass, thus contributing compactness to the overall size of the apparatus. The optical spec^ 
if ications of a representative design for Example 16 are shown below- 
2(0 = 34.0° 



Surface 


Radius of curvature 


Distance between faces 


Refractive index 


Si 


ri= - 5.853 


di= 15.000 


ni=1.48261 


S2 


r2=1 76162.811 


d2= 15.000 


02=1.48261 


S3 


r3= -13.964 


d3=235.000 





The first and third faces are aspheric having the following aspheric coefficients- 
Ki=-0.50391 
Ai= 5.97781x10-5 
Bi=-1.54233x10-« 
K3=-0.55676 
A3=-1 .08363x10^ 
B3=0 

It should also be noted that the optical axes of the entrance face S, and exit face S3 of the lens mirror 3 
form an angle of 30o through the cross taken as taken in the sub-scanning direction 
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Figs. 42(a) and 42(b) are graphs plotting the aberrations that occur in the design of Example 16. 



Example 17 

Fig 43 shows a cross section of the beam scanning apparatus of Example 17 as it is taken in the main 
scanning direction. Fig. 44 is a perspective view of the same apparatus. The apparatus of Example 17 « so 
designed that a light beam issuing from the lens mirror 3 is reflected by the reflecting face Se of a bending 
mirror 7 so that it is focused on the scanning plane. The bending mirror 7 has a concave s"rface and is posi- 
tioned in such a way that a light beam passing through the scan center is bent back by 180». A light beam 
collimated by the collimator lens 2 is launched into the lens mirror 3. 

As in Example 17. not only lenses but also a spherical mirror may be employed to correct aberrations. 
Beam scanning apparatus, particularly one that is used with a laser printer often use a ^^^l^^l^'l'^'^^l 
changing the direction of a travelling light beam; if the bending mirror is adapted to have a spherical surface 
so that ft is provided with a power, the various aberrations that will develop in the apparatus can be reduced 
wfthout increasing the number of components to be used. In the case of Example 17. the light beam on the 
optical axis is bent back by 1 80°. so in order to direct the light beam toward the scanning plane, one may em- 
ployed a half mirror 8 or the like. Alternatively, the bending mirror may be inclined in the sub-scanning direction 
so as to direct the beam of reflected light towards the scanning plane. The optical specifications of a repre- 
sentative design for Example 17 are shown below: 



Surface 


Radius of curvature 


Distance between faces 


Refractive index 


Si 


ri= -46.185 


di= 10.000 


ni=1.51118 




r2= 00 


62= 10.000 


n2=1.51118 


S3 


r3= -36.642 


d3=110.000 




Se 


re=-358.056 


de= 73.088 





Flqs 45(a) and 45(b) are graphs plotting the aberrations that occur in the design of Example 1 7. 

All of the above-described examples refer to the case where the lens mirror 3 rotates at uniform speed. 
It should however, be noted lhatthose examples can easily be implemented for the case where the lens mirror 
makes sinusoidal vibrations around the rotating shaft. The spectfic designs of those exannples are intended 
for operation at specified wavelengths: it should, however, be noted that with slight modrfications. equally good 
rasults can be attained for light beams within ir. uv. X-ray and other wavelength regions including the visible 

"^"^As described on the foregoing pages, the beam scanning apparatus of a specific aspect of the present 
invention is characterized in that a single optical element is provided with not only a reflecting face but also 
an entrance face and an exit face that are specified for shape in such a way as to effect predetermined cor- 
rection of aberrations. As a result, it becomes possible to deflect a light beam for scanning purposes by the 
optical element per se. thus permitting a substantial reduction in the number of expensive optical parts to be 
employed. Furthermore, even in the case of using an imaging lens as an auxiliary component, a lens of a small- 
er aperture can be used with the conventional beam scanning apparatus while, at the same time, it becornes 
possible to use inexpensive optical materials of low refractive index. Hence, beam scanning apparatus of the 
type contemplated by the invention which are to be applied to image forming systems such as laser printer 
digital copier, facsimile and laser scanning display, or an image input device such as scanner or optical mark 
reading laser scanner or surface detecting laser scanner can be provided in small size and at low cost. 

In addition, when assembling or adjusting the optics in those systems, the smallness of the number of parts 
reduces the required volume of work, thereby contributing to a marked improvement in the operational effi- 
ciency. 



Claims 



A beam scanning apparatus in which a reflecting face (S2). as well as an entrance face (S,) and an exit 
face (S,) at least one of which is so specified for shape as to be capable of correcting aberrations, are 
provided'for an optical element (3) that is driven by a rotattonal drive means to rotate and deflects a beam 
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from a beam generator (1). 

2. A beam scanning apparatus according to daim 1 wherein said entrance face (S,) is made concave where- 
5 as said exit face (S3) is made convex. 

3. A beam scanning apparatus according to daim 1 wherein said entrance face (S,) is made convex whereas 
said exit face (S3) is made concave. 

4. A beam scanning apparatus according to daim 1 wherein either at least one of said entrance face (S,) 
and said exit face (S3) is made planar. ^ " 

5. A beam scanning apparatus according to any one of the preceding daims wherein at least one of said 
entrance face (SO and said exit face (S3) is made aspheric. 

6. A beam spinning apparatus according to daim 1 wherein at least one of said entrance face (S.) and said 
exit face (S3) is made tone. 

A beam scanning apparatus according to any one of the preceding daims which is so adapted that the 
radii of curvature of said entrance and exit faces satisfy the following equation: 



IS 
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7. 



8. 



where N is the refractive index of said optical element. R, is the radius of curvature of said entrance face 
SdVaW SS'fac^ ''^'"'^ ^"'^ ° """^'^ '^'^'^"^ ^''^^'^ ^^'^ ^"'"^"^ 

A beam scanning apparatus according to any one of the preceding daims wherein the rotating axis (0) of 
said optical element (3) is induded in said reflecting face (Sj). 

9. A beam scanning apparatus according to any one of claims 1 to 7 wherein the rotating axis (0) of said 
30 optical element (3) is positioned in the interior of the latter. 

10. A beam scanning apparatus according to any one of claims 1 to 7 wherein the rotating axis (0) of said 
to safd riSg ficeS'°"^ °" """^'^ ^"''""'^ '"'^ '"'^ 

11. A beam scanning apparatus according to any one of the preceding claims wherein the optical axis of said 
entrance face (S,) is made different from the optical axis of said exit face (S3) in a cross section taken in 
tne sub-scanning direction. 

12. A beam scanning apparatus according to any one of the preceding daims wherein said optical element 
(3) IS adapted to correct only the curvature of field and astigmatism. 

13. A beanr. scanning apparatus according to any one of the preceding claims which further indudes imaging 
optics (4. 7) to insure that a beam deflected by said optical element (3) is focused on an imaging plane 

45 14. A beam scanning apparatus according to daim 13 wherein said imaging optics is a reflecting mirror (7) 
having a curved reflecting surtece. * ' 

15. A beam scanning apparatus according to daim 13 wherein said imaging optics is a single lens (4). 

^ poweT ^'^""'"^ apparatus according to daim 1 5 wherein said single lens (4) has a positive refractive 
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FIG. 1 




FIG. 2 
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FIG. 3 




FIG. U 
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FIG. 10 
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FIG. 12 
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FIG. 16 
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FIG. 18 
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FIG. 26 
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FIG. 28(a) FIG. 28(b) 
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FIG. 33 
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FIG. 35 
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